Introduction
An organic material has shown potential to be used in the memory applications. Their attractive features such as simpler fabrication process compared that being employed in the conventional silicon (Si) technology, low-power operation and large capacity for data storage. Metal-ferroelectric-insulator-silicon (MFIS) is a promising candidate for non-volatile random access memory because of its high speed, low power consumption and non-destructive read-out operation [1] [2] . The main characteristic of MFIS is capacitance-voltage (C-V) measurement can affect the information storage capability and stability of memory devices. Poly(vinylidenefluoride-trifluoroethylene) (PVDF-TrFE) is an organic ferroelectric material that has been studied widely for memory application owing its unique characteristics which can be process at low temperature processed, low polarization density and larger coercive field [3] . Poly (methyl methacrylate) (PMMA) is one of the most versatile polymeric materials. It has been widely used for applications such as solar cells, optic [4, 5] , and electro-optics [5] and as resist for photolithography. PMMA offer low-temperature process, it strong and lightweight and it was reported that PMMA can transmit up to 92% of visible light [6, 7] . PMMA also has been assessed as to be used as gate dielectric due to its high resistivity [3, 8] . Apart of then numerous advantages, PMMA also has disadvantage for example its low dielectric properties [9] and pinholes are formed when several thicknesses is reduced. Titanium dioxide (TiO 2 ) is one of the promising candidate materials in organic-inorganic applications. Due to its excellent dielectric and optical properties, it is extensively being used as thin film in optical devices [10] and also as a filler to enhance the polymer or organic capabilities. Some researchers have demonstrated by incorporation the TiO 2 into PMMA, they obtain an improvement in the optical properties for example capabilities in absorbing light in UV region [11] [12] [13] . Bae and Kang et.al has fabricated ferroelectric field-effect-transistor (FeFET) by blending film of PVDF-TrFE and poly (methyl methacrylate) (PMMA) and the result show considerable memory performance with long data retention and low operation voltage [4] [5] [6] . Nevertheless, there were less studies on memory application having PMMA:TiO 2 nanocomposite in the MFIS structure.
In this paper, we report the fabrication and characterization of metal-ferroelectric-insulator-semiconductor (MFIS) devices using PMMA:TiO2 nanocomposite and PVDF-TrFE (70:30 mol%) as insulator and ferroelectric layer, respectively. The obtained nanocomposites and ferroelectric films are deposited by spin coating onto glass substrates and characterized by current-voltage (I-V) and capacitance-voltage (CV) for electrical properties, polarization-field (P-E) for the ferroelectric properties, and field emission scanning electron microscopy (FESEM) for the morphology. In this work, we concentrate on I-V and P-E characteristics for the PMMA:TiO2 and PVDF-TrFE films and the effect of different structure of MFIS device.
Experimental method

Metal-Ferroelectric-Insulator-Semiconductor (MFIS) Fabrication
The metal-ferroelectric-insulator-semiconductor (MFIS) structures were assembled on p-type silicon (pSi) substrate. Aluminum (Al) top electrodes were thermally evaporated on polymer films using shadow mask with the holes size of 1um. The PMMA:TiO2 nanocomposite solutions were prepared as reported in earlier publication [7] . PVDF-TrFE (70:30 mol%) with concentration at 30g/L was prepared by dissolving in 2-butanone for 24 hours. Spin coating process was utilized to produce ~250nm thick PVDF-TrFE thin film. The PVDF-TrFE thin films were then annealed at 120°C for 2 hours to improve it crystallinity. The aluminum (Al) was patterned through shadow mask by thermal evaporation to form top contact electrode. The current-voltage (I-V) and measurement was performed at room temperature by the two point probe method using Keithley 4200 semiconductor characterization system connected to a probe station. Meanwhile, the dielectric properties were measured using impedance spectroscopy (Solatron S1260). To test the electrical properties, the bias voltage is swept from 0V to 10V. The surface morphology and crosssection image of the thin film was measured using Field Emission Scanning Electron Microscope (FESEM, JEOL JSM 7600F).
Summary
Figure 1 illustrate the current-voltage (I-V) curves of PMMA:TiO2 nanocomposite film.The I-V curve indicates that PMMA:TiO2 nanocomposite film still maintaining its insulator behavior where the current are small in the nanoampere (nA) range. The leakage current for PMMA:TiO2 is 6.43 x 10 -8 A/cm2 measured at -5V. This value is comparable and slightly higher compared to other organic polymer dielectric. The large leakage current obtained in sample using PMMA:TiO2 as insulator could be explained by the amount of TiO2 in the PMMA matrix and it change the bonding configuration of PMMA and PMMA:TiO2. These charges behave as conduction paths for electrons and holes and therefore lead to an increase in the leakage current [8] . Figure 2 shows the ferroelectric characteristics of PVDF-TrFE thin film without PMMA:TiO2 nanocomposite film measured from 30 to 100V drive voltage at frequency of 100Hz . The saturation of polarization reversal was archived at the highest drive voltage which results the remnant polarization (Pr) of 93 mC/m2 with coercive field (Ec) of 72 MV/m. These are the indication of stable polarization reversal and polarization retention as the thin film able to produce high Pr at low Ec [9] . FE-SEM images on Fig. 3 (a) and (b) show the PMMA:TiO2 nanocomposite and PVDF-TrFE film deposited on glass substrate. It can be seen that, the nanocomposite PMMA:TiO2 film is like plastic and there are particles that accumulate in the nanocomposite film. Meanwhile, PVDF-TrFE thin film consisted of elongated crystallites which indicating the ferroelectric crystal and enhanced the crystallinity of the thin film [10] . 
